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Introduction
An axisymmetric equilibrium is described by the Lüst-Schlüter equation [1] [2] [3] A * r + F = 0, F(R, f ) = / '/ + R2 p\ a2 l A± = 8 R: 6 ö2 , V R 6R dz2 R2
< -> = fd2S \v ¥ \ (2) for integrals over the magnetic surface V = const the quantity / is defined by
for the flux function x ¥. Here, R, (j), z are cylindrical coordinates,/?CF) is the pressure, and = I{W)/R is the toroidal field. The poloidal field Bp is related to Y by Bp = V(j) x VV.
The prime indicates differentiation with respect to *F.
It has been shown in [4] , [5] that, after minimization with respect to the ^-component of the energy prin ciple [6] , [7] for axially symmetric displacements (0/60 = 0) can be reduced to the form (1) where £ = £ • VW.
With the notation Expression (1) was originally derived for the case of a rigid wall at the axisymmetric plasma bondary Sf . Let us take *P = 0 on Sf and W > 0 in the plasma region V f . Then, choosing the profile functions p(*F), I(¥ ) such that 7' (0) = p' (0) = 0 (4) makes (1) also valid for the case where the plasma is surrounded by a vacuum region Vv [7] . The choice (4) of the profile functions implies that the current density vanishes everywhere on Sf . If the current density were not zero there, the system could then be unstable with respect to peeling modes [8] , [9] . The peeling mode is a non-axisymmetric mode localized near the free sur face. Conditions (4) guarantee that the peeling crite rion and, furthermore, even a local sufficient condi tion with respect to all modes [10] is satisfied near the free surface. It is well-known (see, for instance, [8] ) that for the case of non-vanishing shear the y term in (1) can be minimized to give where in the axisymmetric case g is the surface quanti ty:
So the axisymmetric stability problem is completely described by the scalar quantity (6) If the pressure vanishes on Sf , the energy variation of the system can be written in the form [7] ÖW=ÖWf + ÖWv, dWv = \ j"d3Tß2, B = VxA.
n x A = -{n-^)B on Sf , while on the perfectly conducting outer wall Sw (which is assumed to be given with axial symmetry) one has n x A = 0 on S",.
For axisymmetric disturbances the vector fields can be divided into a toroidal and a poloidal part. The equilibrium field, for instance, can be written as
The toroidal component of (8) 
Equations (7), (9) , and (11) together with the po loidal component of (8) The displacement vector £ of the fluid disturbance is related to the single-valued vector potential A of the magnetic field disturbance B in the vacuum region by the condition [7] (8)
Up-down Symmetry
Suppose now that V is symmetric with respect to the equatorial plane z = 0: 
then the minimum of öW(a) is attained for the lowest eigenvalue v0 of the interior-exterior eigenvalue prob lem
8 Y ] rj, -continuous across 6Dr n z > 0,
where Df , Dv are the intersections of V f , Vv, respective ly, with the poloidal plane (j) = const (see 
in order that the magnetic field be continuous on Sf .
The total toroidal plasma current J is usually pre scribed as a normalization:
The mathematical problem described by (27)-(30) has been treated by several authors (see, for instance, [11] , [12] ). The solution of the non-linear boundary value problem determines the free boundary SDj. Under relatively mild conditions on the profile functions FpiV ) there exists a solution. The corresponding numerical problem is treated in [13] . Once 6Df has been determined, it can be considered as given for the stability problem. where the star denotes the complex conjugate. The last form of (48) exhibits stability for y ^ 1, p 2: 0. For situations where the wall is infinitely far, any deviation from the circular cylinder is probably unsta ble. This has been shown for special cases [15] - [18] and will be treated elsewhere.
Wall Stabilization for Linear Profiles
If the profiles / ' / and p' are linear, conditions (4) imply that
with constants / > 0, ßp ^ 0. The functions (49) can be integrated to give I2 = R2 mJ l -ß p) i r 2 + I2, p = \ ß pW 2. (50) For the case where the wall Sw coincides with the plasma surface Sf , stability can be demonstrated by means of a trick [5] . The ansatz (51) with a finite function a satisfies the rigid wall bound ary condition and yields ÖWf^2 S ^ {V2\V«2\2 + \f \2 + yP R2\g\2} (52) vf R after making appropriate use of the equilibrium equa tion. However, if the system is to remain stable when the wall is a finite distance away from the plasma surface, it has to be shown that functional (52) is posi tive definite:
(53)
The validity of (53) with a positive constant C is proved in Appendix B. This means that the system remains stable if the wall is removed from the plasma by a small but finite amount. However, if the wall is removed too far away, there may be instabilites for non-convex curves SDf [19] . The question whether there are toroidal configurations which are stable without any wall [20] is still open and will be treated in a forthcoming paper. 
2) The proof for the paramagnetic case 0 ^ ßp< 1 is more complicated and will not be given here.
